Insulin is a common hypoglycaemic agent used to treat diabetes, but it has also been reported to exert other effects on the body including modulation cognition. Reported findings on insulin effect on learning and memory are scanty and often conflicting. This study was aimed at evaluating the effect of sub-acute insulin therapy on visio-spatial learning and memory using Barnes maze. Twelve young mice of both sexes, weighing between 20 -22 g, were divided into control and insulin-treated groups (n = 6). They were administered subcutaneously with deionized water (control) or insulin (10 I.U./kg/day) for seven days. During the last three days of treatments, the mice were subjected to two-day training and one-day probe trial of Barnes maze. Number of primary head searches on day 2 was reduced compared to day 1 for both the insulin-treated (4.17 ± 0.8 s and 11.45 ± 1.9 s) and control (10.0 ± 3.2 s and 19.95 ± 4.5 s) groups (P < 0.05), but the values obtained in the two groups did not differ (P > 0.05). Similarly, there was no difference between the insulin-treated and control groups in latency to locate the escape hole, time spent and number of head searches per quadrant. It was concluded that sub-acute insulin therapy did not affect long-term visio-spatial learning and memory in mice.
INTRODUCTION
Learning was described as the act of acquiring new, or modifying and reinforcing existing knowledge, behaviors, skills, values, or preferences and may involve synthesizing different types of information (Daniel et al. 2011) . Memory is the storage and retrieval of information (Inkster and Frier, 2012) . Visio-spatial cognition is concerned with the acquisition, organization, utilization, and revision of knowledge about spatial environments using visual cues. Visio-spatial memory can take the form of working, short-term or long-term memory. A person's visio-spatial memory is required in order to navigate around a familiar location, just as a rodent's visiospatial memory is needed to learn the location of food or platform at the end of a maze (Denis and Loomis, 2007) .Barnes maze test was first developed by Carol Barnes in 1979 (Barnes, 1979 . The test was originally developed for use in rats to overcome stress induced by swimming in the Morris water maze, but was later adapted for mice. The test relies on the innate tendency of mice to escape from an open and bright space into closed and darker space (Aida et al., 2013) . Insulin -a hypoglycaemic agent used in the management of diabetes -is a common drug used in sub-Sahara Africa and the world at large. There is high prevalence of diabetes in the region and globally, translating to about 387 million people in 2014; and an estimated 592 million persons will live with the disease by 2035 (Chinenye and Young, 2011; IDF, 2014) . Apart from its hypoglycaemic effects, insulin has other effects on the body including modulation of cognition (Ghasemiet al., 2013) . However, the reported effects of insulin on visio-spatial learning and memory are scanty and often conflicting. For example, while McNayet al. (2010) reported improvement, Kamal et al. (2013) found impairment of hippocampal memory process caused by insulin. The aim of this study was to determine the effect of sub-acute insulin therapy on long-term visio-spatial learning and memory using Barnes maze.
MATERIALS AND METHODS

Animals and Care
Young mice of both sexes (obtained from Department of Pharmacology, Faculty of Pharmacy, Ahmadu Bello University, Zaria), weighing between 20 -22 g, were used for the study. They were kept in large cages and given access to feed and drinking water ad libitum during acclimatization and throughout the experimental period. 
Grouping and treatments
Twelve mice were divided into control and insulintreated groups (n = 6 per group). They were treated withdeionized water (control) or insulin (Actrapid, Novo Nordisk A/S, Denmark) at 10 I.U./kg/day, subcutaneously using insulin syringe daily between the hours of 8:00 -9:00 am (Sharma et al., 2007) .
Behavioural tests were done 30 minutes after the last insulin injection, following one week of insulin administration (Francis et al., 2008) . Assessment of long-term visio-spatial learning and memory using Barnes maze In the present study, the Barnes maze paradigm consisted of the habituation phase (1 day), training phase (2 days) and probe trial (1 day). Each mouse had only one trial during the habituation phase (first day) of this paradigm. During this phase, a mouse was introduced into the centre of the maze under an opaque chamber and was allowed to stay there for 30 s. The chamber was lifted, the overhead bright light (aversive stimulus/ negative reinforcement) was put on, and the mouse was guided to the target hole (leading to the escape box) within 10-15 s. Once the mouse had located the target hole it was allowed to independently enter the escape box within 3 minutes. If it failed to enter, it was gently taken into it and allowed to stay for 1 min. No parameters were recorded during this phase. During the training phase, a mouse was positioned in an opaque chamber in the centre of the maze and allowed to stay for 15 s. The chamber was then lifted, the overhead bright light was put on, and the mouse was allowed 2 min to explore the maze and locate the target whole. If it located the target hole and entered into the escape box within this period, it was allowed to stay there for 1 min. If it failed to locate the target hole at the expiration of the 2 min, it was gently guided to the target hole and allowed 3 min to enter into the escape box independently. If the mouse failed to enter after this period, it was then gently taken into the escape box and allowed there for 1 min. Furthermore, if a mouse failed to enter into the escape box independently after locating the target hole, it was allowed 3 min to do so. If it failed, it was gently introduced into the escape box and allowed 1 min to stay. Three and two trials per day were conducted for each mouse on day 1 and day 2 of the training phase, respectively. An overhead video camera recorded the activities of the mice for subsequent quantification. Primary head searches (number of head dips into any holes that did not have the escape box before locating the escape hole) and latency (time taken) to locate the escape box (primary latency), were recorded. If a mouse failed to enter into the hole after locating it for the first time, recordings were stopped (primary latency and primary head search), but the mouse was allowed to continue exploring the maze till the expiration of the 2-minute period. During the probe trial (on the 4 th day of the experiment), the mice were tested for remembering what had been previously learned. Each mouse was positioned in the centre chamber for 15 min. The chamber was lifted, the overhead bright light was put on, and the mouse was given 2 min to explore the maze. Time spent per quadrant and number of head searches per quadrant was recorded. After each trial, the maze was wiped with a cloth dipped in 70% ethanol and allowed to dry to remove any olfactory cue.
Statistical analyses
Data were collated and analyzed using Statistical Package for Social Sciences(SPSS) version 20.0 software (SPSS Inc., Chicago, Il., U.S.A.), and expressed as mean ± S.E.M. General linear model repeated measure ANOVA was used to compare means. Values of P < 0.05 were considered significant.
RESULTS AND DISCUSSION
Number of primary head searches and latency (time taken) to locate escape hole
The difference in numbers of primary head searches between days 1 and 2 for both the insulin-treated (11.45 ± 1.9 s and 4.17 ± 0.8 s) and control (19.95 ± 4.5 s and 10.0 ± 3.2 s) groups werehighly significant, (Pillai's Trace = 0.623, F (1, 10) = 16.527, P = 0.002, Eta 2 = 0.623) (Figure 1 ). This indicates that the mice had learned the position of the escape hole and were able to find it with fewer searches/errors. However, this parameter was similar for the two groups (F (1, 10) = 4.133, P = 0.069, Eta 2 = 0.292, n = 6), suggesting that insulin did not affect (impair or improve) the mice ability to learn the position of the escape hole. There was no significant difference between latencies recorded on days 1 and 2 for the insulin-treated During the 2-day training phase, the animals have learned the location of the escape hole as indicated by reduced number of head searches and/or fewer committed errors in trying to locate the escape hole. However, the time taken (latency) to locate the hole remained the same, rather than reduce for both the groups. This finding may be related to the less stressful nature of Barnes maze, compared to Morris water maze as suggested by Harrison et al. (2009);  occasioned by weaker aversive stimuli (bright light compared to deep water of Morris water maze), hence less motivation to escape and absence of reduction in day 2 latency. 
Time spentper quadrant and number of head searches per quadrant
The mice in the insulin-treated groups spent 19.67 ± 7.0 s, 20.33 ± 4.3 s, 15.67 ± 5.1 s and 24.67 ± 9.1 s in quadrants 1, 2, 3 and 4, respectively. The control animals spent 19.33 ± 15.0 s, 18.00 ± 7.0 s, 28.00 ± 7.0 s and 19.33 ± 6.8 s, in quadrants 1, 2, 3 and 4, respectively (Figure 3 ).There was no significant difference between the groups in time spent byanimals per quadrant (Wilks' Lambda = 0.962, F (3, 20) = 0.105, P = 0.955, Eta 2 = 0.038, n = 6), indicating no preference of the target quadrant by both the groups. Number of head searches was 1.58 ± 1.33, 1.33 ± 0.6, 2.17 ± 1.4 and 1.0 ± 0.8 in quadrants 1, 2, 3, and 4, respectively, for the insulin-treated group; and the values were 2.17 ± 1.4, 2.83 ± 1.0, 4.00 ± 1.0 and 2.50 ± 1.0, respectively, in quadrants 1, 2, 3 and 4 for the control group (Figure 4) . The difference in the number of head searches per quadrant between the two groups was insignificant (Wilks' Lambda = 0.662, F (3, 20) = 1.362, P = 0.332, Eta 2 = 0.038, n = 6), indicating no preference of the target quadrant by both groups. During the probe trial, the performance of the insulintreated and control animals was the same as the mice showed no preference of the target quadrant, measured by the amount of time spent and number of head searches per quadrant. Overall, the insulintreated mice had the same performnce in all the four parameters, compared to the vehicle-treated controls. The result suggests that there was no effect of insulin treatment on learning and memory in the mice. It was previously reported that insulin signalling is involved in the physiology of memory in man and lower animals (Lin et al., 2010; Liu et al., 2013; De Felice et al., 2014; Chambers et al., 2015) . Others reported impairment of memory due to insulin (Kamal et al., 2012; Krikorian, 2013) .
The result of this study, though contrary to the above findings agree with the finding of Backeström et al. (2015) , who reported that plasma insulin levels and insulin resistance were not associated with episodic or semantic memory in women or in men after adjustments for many factors, including age, fasting glucose, 2-hour glucose, BMI, education, smoking, cardiovascular disease, hypertension, cholesterol, and physical activity. The reason for the differences in findings may be due to inherent tendency for most physiological processes to vary based on many influencing circumstances such as duration and quantity of exposure to the influencing factors. 
CONCLUSION
It was concluded that sub-acute insulin therapy did not affect long-term visio-spatial learning and memory in the treated mice. At this relatively early stage, further investigations are required to accumulate sufficient data to fully ellucidate the effects of insulin on the different types of learning and memory in varied circumstances.
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